Evidence indicates that consumer durables are more flexibly priced than nondurable goods and services. In otherwise standard two-sector neoclassical sticky-price models with flexible durable prices, following monetary tightening, nondurables decrease but consumer durables increase. Friction in lending between households can resolve the comovement problem if durable prices are sticky. However, if durable prices are flexible, friction in lending fails to generate joint decline. This paper resolves the co-movement problem by adding capital into a model with flexible durable prices and friction in lending. When capital is needed in production, monetary tightening reduces the relative price of durables which induces investment and decreases firms' real profits in the short run. Due to fewer profits remitted from firms, savers have a lower disposable income and cannot increase expenditures on consumer durables as much as otherwise. As a consequence, aggregate consumer durables decrease and there is a joint decline of nondurables and consumer durables.
Introduction
Empirical evidence documented by Barsky et al. (2003) and Erceg and Levin (2006) indicates that expenditures on nondurables and consumer durables comove closely. However, in otherwise standard two-sector, neoclassical New Keynesian models calibrated to U.S. data, where nondurable goods have sticky prices and durable goods have flexible prices, as documented by Bils and Klenow (2004) and others, Barsky et al. (2003 Barsky et al. ( , 2007 found that in response to monetary tightening, it appears that nondurables decrease but consumer durables increase, thus causing the inconsistent comovement problem between nondurables and durables. This comovement puzzle is robust, whether monetary policy is assumed to follow a money supply rule, as in Barsky et al. (2003 Barsky et al. ( , 2007 or an interest rate rule, as in Carlstrom and Fuerst (2010) .
To reconcile the inconsistency between the empirical findings and the model-implied responses, Barsky et al. (2003) suggested introducing friction in lending. 1 With frictional financial markets, monetary tightening raises nominal interest rate and causes the severity of borrowing constraints that is negatively related to cash flows or collateral, and agents who face binding credit constraints may spend less income on consumer durables even if durable goods become relatively cheaper. Monacelli (2009) formalized the idea in a model with sticky nondurable prices wherein impatient households borrow from patient households and are subject to collateral constraints. Monacelli's model can resolve the comovement problem when durable prices have some degrees of stickiness. However, the comovement puzzle is not resolved when durable prices are flexible, because relatively cheaper durables make savers increase expenditures on consumer durables so much so that aggregate consumer durables remain increase. Moreover, in an otherwise identical model, Sterk (2010) found that the presence of collateral constraints increases the purchase of consumer durables more than that in the absence of collateral constraints, indicating the Monacelli model with collateral constraints being more difficult to generate the joint decline of durables and nondurables.
The upshot is that with sticky durable prices, the Monacelli model with collateral constraints produces the joint decline, but with flexible durable prices, the Monacelli model with collateral constraints cannot yield the joint decline. The purpose of this paper is to show that if capital is added into the Monacelli model with collateral constraints and flexible durable prices, the comovement problem can be resolved. The result emerges because, with flexible durable prices, monetary tightening reduces the relative price of durables. By way of increases in investment, a lower relative price of durables reduces firms' real profits in the short run. With fewer profits remitted from firms, savers, thus owners of firms, have a lower disposable income and cut their expenditures on consumer durables largely so that aggregate expenditure on consumer durables falls. There is thus a joint decline of nondurables and consumer durables.
It should be noted that in studying the comovement between durables and nondurables, Tsai (2010) introduced a setting where goods producers borrow to finance their payment to production inputs at the beginning of a period. Since a monetary contraction shock is nothing but a positive innovation in the interest rate that firms pay to banks, the nominal marginal cost of durable goods is affected by the sluggish time path of a policy rate which leads to weaker substitution effects. Other than consumers being borrowers in our model and producers being borrowers in the Tsai model, there are two essential differences. First, the mechanisms of borrowing constraints work differently.
In Tsai, the borrowing constraint acts to increase the cost and thus the durable price which causes less durable production. By contrast, in our model with borrowing constraints, durable prices decrease which is consistent with the data. 2 A lower durable price induces investment and reduces firms' profits remitted to savers, so savers decrease expenditures on consumer durables. Next, with our borrowing constraints on consumers, durable goods expenditures are more sensitive to the interest rate than spending on nondurables which is consistent with empirical observation but, if there is no habit formation, Tsai's borrowing constraint on firms cannot generate durable goods expenditures that are more interest-sensitive than nondurables.
Our study complements recent studies which resolved the comovement puzzle using alternative mechanisms. These mechanisms include the input-output linkage between the durable and nondurable sectors (e.g., Sudo, 2012) and its interaction with labor immobility across the two sectors (e.g., Bouakez et al., 2011) . In this line of research, the key channel to resolve the comovement puzzle is that nondurable goods are inputs into the durable sector. As a result, the price stickiness of the nondurable sector moderates the decline of the marginal cost in the durable sector and hence, its price decrease which weakens the substitution effect and resolves the comovement problem.
Although durable investment goods are inputs into the nondurable sector in our paper, nondurable goods are not input in the durable sector and thus the substitution effect is not weakened. Instead, the key mechanism acts through a firm's increases in investment which lower profits remitted to households and strengthen the income effect.
The second mechanism involves sticky nominal wages as the main channel to resolve the comovement problem. Carlstrom and Fuerst (2010) showed that the co-movement between housing and nondurable consumption can arise under sticky nominal wages, adjustment costs in housing construction, and a large degree of complementarity between the consumption of housing services and nondurable goods, whereas their model indicated that habit formation in consumption helps to move the volatility of nondurable production relative to residential investment closer to that in the data. Finally, the third mechanism includes preference-related contributions to resolve the co-movement problem. Kim and Katayama (2010) examined the implications for sectoral co-movement of the non-separability between consumption and leisure, imperfect capital mobility, and variable capacity utilization. Huang et al. (2013) resolved the co-movement problem by exploring the dynamic interaction between habit formation and non-homothetic preferences on durable and non-durable consumption goods, of which the former weakens the role of the substitution effect and the latter enhances the role of the income effect in shaping the composition of preferred consumption bundles. Through decreases in profits which strengthen the income effect, the primary mechanism in our paper is different from those of sticky nominal wages and preference-related contributions.
This paper is organized thus. In Section 2, we set up basic two-sector sticky-price models. In Section 3, we calibrate the model and envisage the impulse responses of a monetary tightening.
Finally, concluding remarks are offered in Section 4.
Three Sticky-price Models with and without Collateral Constraints and Capital
Three neoclassical sticky-price models with consumer durables and nondurables are analyzed.
We start with our model; the Monacelli (2009) model; and, the Sterk (2010) model.
Our model is similar to the Monacelli (2009) model except for the inclusion of capital. The economy includes two sectors, the durable and nondurable sectors. Each sector has a continuum of firms which produce and sell final goods at competitive prices and has a continuum of producers which produce and sell intermediates at monopolistic prices. Nondurable final goods are used as consumption, but unlike Monacelli (2009) , durable final goods can be used either for consumption or for investment. The economy consists of a continuum of households with a unit mass. There are two types of households, named borrowers and savers, of the measures ϖ and 1-ϖ, respectively.
Savers have a lower time preference rate than borrowers. Households with different time preference rates trade nominal private debts, with borrowers being subject to collateral constraints. Both savers and borrowers supply labor elastically and consume both nondurables and consumer durables.
Households
A typical household consumes an index of consumption X t defined as
where C t is nondurables and D t is services from the stock of consumer durables. The parameter μ>0 is the share of durable services in consumption, and η≥0 is the elasticity of substitution between durable services and nondurables.
The borrower maximizes the following expected lifetime utility
where E t is conditional expectations at any given period t. The borrower's discount factor β(0, 1) is smaller than a saver's discount factor γ(0, 1). L t is the hours of work. Parameter ν>0 is the coefficient associated with the disutility of work, and ϕ>0 is the inverse of the Frisch labor supply elasticity.
In each period t, the borrower faces the following budget and collateral constraints.
, ,
where indicates that the demand for consumer durables is determined by the equalization of the real marginal cost and the real marginal benefit from a marginal unit of consumer durables. The real marginal cost is the relative price of durables in terms of the marginal utility of nondurables. The real marginal gain is the shadow value of consumer durables to the borrower which is the immediate marginal utility and two marginal gains. One of the marginal gains is the discounted expected value of the undepreciated part of consumer durables in the next period (the second term), and the other marginal gain is the marginal utility of relaxing collateral constraints (the third term).
The utility of the saver is the same as (1) with the discount factor being replaced by γ. Savers have otherwise the same budget constraint (2a) as borrowers except for nominal profits/dividends F t remitted from firms as they are endowed with the ownership of firms. 3
The saver maximizes the expected lifetime utility subject to (4). The first-order conditions for C t * , L t * , D t * and b t * are the same as (3a)-(3d), respectively, except for ψ t * =0 and β being replaced by γ.
Firms
In each sector, a perfectively competitive final goods producer operates the production function
[ ]
is the intermediate good z used in sector j and ε j >1 is the elasticity of substitution between intermediates. Maximization of profits in sector j gives the demand for intermediate z.
where P j,t (z) is the price of the intermediate z in sector j. A zero profit of final goods in sector j
In each sector j, a continuum of intermediate producers of a unit mass, indexed by z(0,1), uses capital and labor to produce intermediate goods. The production technology is
where α j (0,1) is the capital share and A j >0 is a coefficient.
An intermediate producer z in sector j sells intermediates to final goods producers in sector j.
Following Monacelli (2009) , in setting its monopolistic price P j,t (z), an intermediate producer faces
where θ j measures the degree of nominal rigidities in sector j. 4 In each period, the representative intermediate firm has to decide how much capital to invest, how much labor to hire and what prices to set. Following Jermann (1998) , managers of the firm maximize the value to its owners (savers) which is the present discounted value of all current and future expected cash flows.
with the discount factor
being the marginal rate of substitution of the owners.
The firm's capital stock obeys the following intertemporal accumulation equation.
where δ K is the depreciation rate of capital.
Give the technology (5b), managers choose
to maximize the cash flows in (6a) subject to the demand for intermediates in (5a) and the accumulation of capital in (6b).
Let λ j,t (z) denote the current-valued Lagrange multiplier of the demand for intermediate z in
L and MP j,t K as the marginal product of labor and capital in period t,
While the conditions in (7a) and (7b) are the same as those in Monacelli (2009) , (7c) is new. The last condition equates the real marginal cost of a marginal unit of capital to the real marginal revenue.
The real marginal revenue is the discounted sum of the expected real marginal product of capital and the relative price of durables of undepreciated capital in terms of the marginal utility of nondurables in the next period. The real marginal cost is the relative price of durables in terms of the marginal utility of nondurables in this period. Notice that the real cost of capital is the same as the real cost of a marginal unit of consumer durables (cf. (3c) for savers) since durables goods may be used as either capital or consumer durables. Due to such a linkage, the demand for capital is expected to affect savers' expenditure on consumer durables as analyzed in the next section.
By imposing the symmetry conditions of
where
, 
Equilibrium
In equilibrium, the nondurable and the durable final goods markets are clear.
,
is aggregate nondurables and
is the stock of aggregate consumer durables. We abstract from redistribution via the fiscal policy and hence T t * =T t =0. Moreover, the capital, the labor and the debt markets are all clear.
The model is closed by the following monetary policy rule.
μ is a composite inflation index with the weight for durable goods inflation being the share of consumer durables in consumption μ, and R and π are steady-state values. We assume that χ is sufficiently large in order to ensure equilibrium determinacy. Policy parameter ς t is a shock which evolves according to
where the innovation u t is assumed to be independent and identically distributed.
The model with credit constraints without capital
The Monacelli (2009) 
Comparisons of the Three Models
In this section, we study the effects of monetary tightening on the impulse responses of nondurables, consumer durables, capital and other variables.
Calibration
The time frequency is quarters. The subsequent parameter values follow from Monacelli (2009) .
The fraction of borrowers is ϖ=1/2, the TFPs in the nondurable and the durable sectors are A c =A d =1, the elasticity of substitution between nondurables and consumer durables is η=1, the elasticity of substitution in the intermediate production is ε c =ε d =6, the share of consumer durables in consumption is μ=0.2, the inverse of the Frisch labor supply elasticity is ϕ * =ϕ=1, 5 the discount factor is γ=0.99 for savers and β=0.98 for borrowers, the borrower's loan-to-value ratio is m=0.75, the depreciation rate of consumer durables is δ=0.01, hours of work are L * =L=1/3, the autocorrelation of error to the interest rate is ρ=0.5, and the coefficient of the inflation in the policy rule is χ=1.5.
For production, we follow Acemoglu and Guerrieri (2008) [Insert Table 1 here]
Effects of monetary tightening
We carry out a monetary shock in the same way as Monacelli (2009) reduce expenditure on nondurables and durable services (cf. Panels E-F). As durable prices fall relative to nondurable prices, savers substitute away from nondurables to durables, thereby decreasing expenditure on nondurables and increasing expenditure on durables (cf. Panels H-I). Thus, aggregate nondurables are reduced (cf. Panel K). As the reduction in borrowers' expenditure on consumer 6 This value of the rate of depreciation of capital gives a quarterly capital-to-output ratio of 9.625 which is in the range of the data. Alternatively, if we use a lower value of δ K =0.02 or a higher value of δ K =0.03, the quarterly capital-to-output ratio would be 11.296 and 8.385, respectively. Our results are robust under these different values. 7 To obtain the value of θ c , we use the log-linearization of the optimal pricing condition in (8b) to yield the slope of the Phillips curve equal to (ε c -1)/θ c . Then, we equate the slope to the slope of the New Keynesian Phillips curve in the standard Calvo-Yun model, which is (1-θ c )(1-γθ c )/θ c , where θ c is the probability of not resetting prices for nondurables. Thus, we obtain θ c =( We should mention that by including capital in our model, due to an increase in investment, monetary tightening leads to about a 9% decline in consumer durables along with a 0.35% decline in nondurables on impact (cf. Figure 1) indicating that consumer durables are more sensitive to interest rates than nondurables. The result is consistent with the empirical evidence in the postwar US data put forth by Barsky et al. (2003) and Erceg and Levin (2006) . [Insert Figure 2 here]
Sensitivity analysis
In the earlier calibration exercises, all the preset parameters are well justified. In setting up nominal price stickiness, we follow Monacelli (2009) It is interesting to see the importance of the share of borrowers in generating comovement in durable and nondurable consumption. When the share of borrowers in the economy decreases and thus the fraction of savers increases, we would expect that aggregate consumer durables are reduced to a less degree and it is more difficult to generate comovement between durable and nondurable consumption. Figure 4 demonstrates the impulse responses when the share of borrowers is decreased to ϖ=40% and then, ϖ=30%. The figure indicates that aggregate consumer durables still decrease and thus co-move with nondurables. Yet, aggregate consumer durables are decreased to a less degree by less when ϖ is decreased. Indeed, our results suggest that if ϖ is less than 27%, aggregate consumer durables and nondurables do not co-move. Although the estimated share of liquidity or credit constrained households is diverse in the literature, in general the share is more than 40%. For example, using data on nondurable consumption up to 1983, Jappelli and Pagano (1989) estimated 40%-51% of U.K. consumption to be associated with liquidity constraints. Moreover, using the U.S. quarterly time series data obtained from the Data Resources, Campbell and Mankiw (1989) estimated 52.3% of consumers are credit-constrained. Finally, using the data in 10 UK regions collected for the period 1971 -1987 , Bayoumi (1993 estimated 60% of consumers are credit-constrained. Thus, the share of borrowers that generates the comovement is within the range of the estimated values in the UK and the US.
[Insert Figure 4 here]
Why does the model with credit constraints and capital resolve the co-movement problem?
This subsection explains the underlying reasons why capital can resolve the comovement problem in an otherwise standard neoclassical sticky-price model with credit constraints and flexible durable prices. At the center of the analysis is the fact that in a model with credit constraints, the capital demand changes the shadow value of consumer durables for savers who are owners of firms.
In the Monacelli model, a saver's shadow value of consumer durables in period t is (3c) with ψ t * =0 and β being replaced by γ. Denote * * , .
Then, a saver's shadow value of consumer durables can be rewritten as
in which the second equality follows from the law of iterated expectations. The condition indicates that a saver's shadow value of consumer durables in this period is equal to the expected discounted sum of the marginal utility of undepreciated consumer durables from period t onward. A saver's shadow value of consumer durables is quasi-constant, since variations in durable flows in this period have little effects on the stock of consumer durables upon which the marginal utility of consumer durables depends. With a quasi-constant shadow value of consumer durables for savers, the relative price of durables and the marginal utility of nondurables move in opposite directions. In response to monetary tightening, a fall in the relative price of durables p t is accompanied by an increase in the marginal utility of nondurables
which is associated with decreases in expenditures on nondurables. Moreover, a lower relative durable price increases savers' expenditure on consumer durables so much so that nondurables and consumer durables move in opposite directions.
Thus, using (12), a saver's consumer durables are determined by
which indicates that a saver's marginal utility of consumer durables in this period is the saver's shadow value of consumer durables in this period minus the saver's expected discounted shadow value of undepreciated consumer durables in the next period. If there is no capital, (13) determines the saver's consumer durables which are the level in the Monacelli model.
Notice that in our model, capital and a saver's consumer durables are not perfectly substitutable, because capital goods are inputs in production and consumer durable goods are final goods which provide service flows to households. As capital goods are inputs in production, capital affects a saver's consumer durables via the effects of the marginal product of capital on the saver's shadow value of consumer durables. To see this, the demand for capital in (8c) is rewritten as
Thus, the demand for capital is such that a saver's shadow value of consumer durables in this period is equal to the discounted expected marginal revenue of a marginal unit of capital in the next period which is the discounted saver's shadow value of consumer durables in the next period multiplied by the sum of the marginal product of capital and the undepreciated unit of capital.
Hence, the demand for capital affects a saver's shadow value of consumer durables in this period.
Note that the discount factor γ, the undepreciated fraction of capital (1- With capital, (14) modifies (13) as
which indicates that a saver's marginal utility of consumer durables in this period is the saver's discounted expected marginal revenue of capital in the next period minus the saver's discounted expected shadow value of undepreciated consumer durables in the next period.
By comparing (15) with (13), the difference of these two marginal utilities lies in the first terms in the right-hand side of these two expressions. In (13), the first term is the shadow value of consumer durables in this period V t * . By contrast, in (15) Thus, the first term in the right-hand side of (15) is likely to be larger than the first term in the right-hand side of (13). Indeed, our results indicate that it is the case, as seen in Panel A, Figure 5 wherein a saver's shadow value of consumer durables when there is capital (i.e., the first term in (15)) is decreased less than a saver's shadow value of consumer durables when there is no capital (i.e., the first term in (13)). Therefore, a saver's marginal utility of consumer durables in this period in (15) is larger than that in (13). (See Panel C, Figure 5 ).
[Insert Figure 5 here]
The foregoing results indicate that, in the economy with capital, the saver's expenditure on consumer durables is smaller than that in the economy without capital. In particular, as the demand for capital is sizable, firms' profits fall in the short run and thus profits remitted to savers decrease, thereby reducing savers' disposable income. Hence, savers cut their expenditures on consumer durables. As a result, aggregate durable services fall in the economy with capital as seen in Figure 1 .
Finally, in the Sterk model, there is no borrower. In response to monetary tightening, the relative durable price falls, and thus the household increases expenditure on consumer durables and decreases expenditure on nondurables. The model fails to generate the joint decline. Moreover, as there are only savers, increases in consumer durables are so strong that capital decreases.
Concluding Remarks
In 
